The cause of the disease has been suspected to be due to Fusarium oxysporum, but this fungus has not been definitely proved to be the pathogen.
In the present investigation, the cause of the disease, and some factors related to the incidence of this disease were studied.
Materials and methods
Hyphae were always observed in the tissues of the roots and stems of the diseased chinese cabbages examined (Plate I, 1-3). Therefore, isolates of the fungi were only focused in this investigation.
Isolation. Fungi were isolated from small pieces of root or stem vascular tissues incubated on water agar (WA), or potato dextrose agar (PDA) containing 50ppm streptomycin sulfate by singlehyphal tippings.
Freshly diseased tissues were always used for the isolation with or without treatment of 50ppm streptomycin sulfate solution for 30min. A total of 8 diseased chinese cabbages were sampled from 2 different areas in 3 different occasions, and used for the fungal isolation.
Inoculation method.
Three different inoculation methods were used for teqsting the pathogenicity of the isolated fungi. In the first method, an aqueous suspension of minced PDA slant culture was poured near each seedling grown in pasteurized soil at the rate of 1 tube culture for infestation of soil (0.6kg of air-dried soil) filled in a 12cm clay pot. In the second, a fresh PD broth culture (0.12g in air-drying) used as an inoculum was placed at the equal position of seeding without direct contact of each other, and pasteurized soil was further added over the inoculum or seeds about 2cm deep. Two seeds were generally seeded per pot, but young seedlings were occasionally used instead of seeds. In the third, PD broth cultures containing hyphae, resting mycelium, and spores were minced by a homogenizer at the high speed for 2min, and used as an inoculum.
Then it was artificially mixed with pasteurized soil at the rate of 1 petri dish culture per 1 potted soil.
In the second, or the third, the fungus was generally grown in PD broth stationary in a 9cm petri dish for at least 10 days at 23C, and used for further experiments.
Plants tested. Varieties of chinese cabbages used for the experiments are Chirimen, Nagaokahybrid Yokozuna no.1, or Nozaki no.2. These commercial seeds used for the experiments were previously confirmed not to carry Verticillium and other pathogens in examining a total of 1,000 seeds of 3 varieties by culturing. However, the seeds were always surface-sterilized with Nichinomeru (major content: ethylmercuric sulfate) before use.
Pathogenicity of 2 isolates onto 5 other plants, by the first, or the second inoculation method, was also tested using 4-6 plants each of the following plants, and the experiment was repeated twice.
The plants tested are tomato (variety: Sekai no.1), egg plant (early-matured Minjyu), bell pepper (Mie-midori), radish (Minowase, and Kuroba-minowase), or cabbage (Shiki ehsu).
Disease incidence in relation to inoculum quantity. Artificially infested soils were prepared by mixing pasteurized soils with 0.1, 0.2, or 0.4g of minced air-dried hyphae and resting mycelium fragment per kg of air-dried soil. Incidence rate in relation to inoculum quantity was determined on the basis of the number of plants with vascular discoloration, and that of infected plants per a total of plants tested.
When the fungus was reisolated from any plant tested by culturing, the plant was tentatively determined to be infected by the fungus. The plants grown in the non-infested soil served as a control.
Infection rate in elapse of time. Artificially infested soils were prepared by the third inoculation method at the rate of 0.2g of the inoculum per kg of air-dried soil. In the artificially infested soils, the symptoms were not severe probably due to young ages of plants however the diseased plants showed a slight stunting, yellowing of the leaves, or withering from the lower leaves. The symptoms are more or less identical with those of the diseased plants when grown in naturally infested soil. In addition, infected plants were easily diagnosed on the basis of vascular discoloration by examining the inside of the roots or stems of the plants (Plate I, 8, 9) . Some visibly healthy plants were also found to be infected with this fungus. Two isolates of V. albo-atrum tested caused vascular discoloration of 3 varieties of chinese cabbages whatever inoculation method might be used. For example, 17% of 123 plants of Chirimen variety were blackened in the vascular tissues with the isolate, V1, and 30% of them were infected as shown in a summarized data of 8 separate experiments.
Other varieties were also diseased in the soil artificially infested with this fungus. On the contrary, chinese cabbages were never diseased in the soils treated with Cephalosporium sp., or non-treated control (Table 1) . occurred in any test plant at 0.1g, or control. Infection rates in the inoculum level of 0.1, 0.2, or 0.4g were 9.1, 5.0, or 27.8%, respectively (Fig. 2) .
Infection rate in elapse of time. An average of 12.7% of 102 plants tested were infected in 10 days after seeding at 20C, and in 20 or 30 days, 31.3 or 75.0% of the plants tested were infected, respectively (Fig. 3) . Cross (Fig. 8 ), or longitudinal ( Fig. 9 ) sections of the roots of chinese cabbages grown in the soil artificially infested with V. albo-atrum, or non-infested soil showing the diseased (left 2 plants in Fig. 8 , or left 2 pieces in Fig. 9 ), or the healthy (right 1 plant in Fig. 8 , or right 2 pieces in Fig. 9 ) plants 50 days after seeding. Note the vascular discoloration of the diseased plants.
